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Abstract
This work is a bibliographic approach to the historical and most recent taxonomy on Alternaria 
genus. The genus Alternaria consists largely of species of saprophytic, endophytic and parasitic fungi. 
The United States Fungal host index ranks the genus Alternaria on the 10th place based on the number 
of host plants, with over 4,000 species. Govind et al. (2016) tells us that most species of this genus are 
missing the sexual form, with the exception of a few species, which have, in addition to the anamorphic 
form, the telemorphic form. With the discovery of several species and due to the superficiality of past 
research, the inclusion of this genus in the taxonomy has become problematic. At the beginning, the 
taxonomic classification was performed according to the morphology of the species. This bibliographic 
approach wants to clarify some of the aspects concerning the old and actual taxonomy ambiguities of 
Alternaria genus. The method used is consulting the scientific literature. The present reclassification of 
the species was performed by analysing the DNA of each species in 2013 by Woudenberg et al. and fit the 
Alternaria species in 25 sections. In 2016 Lawrence et al. added 2 other sections and in 2019 Ghafri et 
al. forms a new section based on the new species Alternaria omanensis. In conclusion Alternaria genus is 
now divided in 28 sections, each section contains species that are genetically related. Even though most 
of the ambiguities have been clarified at present, there are still ambiguities regarding the species within 
and between sections.
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INTRODUCTION
The genus Alternaria is largely composed of 
species of saprophytic, endophytic and parasitic 
fungi (Lawrence et al., 2016; Singh et al., 2016). 
According to the taxonomic classification, it 
belongs to the kingdom of Fungi, the Ascomycota 
branch, the Pezizomycotina sub-branch, the class 
Dothideomycetes, the subclass Pleosporales and the 
family Pleosporaceae (Stuart et al., 2009; Lawrence 
et al., 2016, Ghafri et al., 2019). The database of the 
United States of America Fungal host index ranks 
the genus Alternaria on the 10th position based on 
the number of host plants, with over 4000 species 
(Singh et al., 2016). Most species of this genus are 
devoid of the sexual form (except for a few species, 
which have in addition the telemorphic form) 
(Lawrence et al., 2016). With the discovery of 
several species and due to the superficiality of past 
research, the inclusion of this genus in taxonomy 
has become problematic. At the beginning, the 
taxonomic classification was performed according 
to the morphology of the species and currently, 
the reclassification of the species was performed 
by analysing the DNA of each species (Lawrence 
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et al., 2016; Tralamazza et al., 2018; Woudenberg 
et al., 2013). The damages produced on the crops 
are significant, with tomatoes registering losses 
between 50-86%. In addition to crop losses, the 
spores produce pneumonia, asthma, or sinus 
irritation (Cruz et al., 2016; Lawrence et al., 2016; 
Shyama and Somnath, 2015). Some species of 
the genus Alternaria release mycotoxins in the 
organs of the attacked plants. Mycotoxins are 
toxic substances that result due to the pathogen’s 
metabolism. The main mycotoxins produced 
are: alternariol, alternariol monomethyl ether, 
altertoxins I, II, III and tenuazonic acid (Pinto 
and Patriarca, 2017; Tralamazza et al., 2018; Van 
de Perre et al., 2015). These mycotoxins were 
found both in raw products (apples, citrus, wheat, 
tomatoes, sunflower seeds) and in processed 
products, which come from infected plants. 
Mycotoxins have a negative effect on human health. 
They can contribute to chromosomal mutations 
and affect the integrity of DNA in colon cells (Ostry, 
2008; Pinto and Patriarch, 2017; Tralamazza et al., 
2018).
The history of the taxonomic classification 
and the current classification of the 
Alternaria genus
The history of taxonomic classification has 
gone through five main stages since 1816, the 
last revision being made between 2003 and 2015. 
The first stage was between 1816 and 1850 and 
includes the description of the Alternaria tenuis 
(Lawrence et al., 2016; Pryor and Gilbertson, 
2000; Ghafri et al., 2019). During this period, a 
connection was observed between the anamorphic 
forms of four genera: Ulocladium, Macrosporium, 
Alternaria and Brachycladium. In 1833 the genus 
Stemphylium was added. Because of the ambiguity 
of the first four genera, they were always confused. 
Few of the species investigated had been validated. 
Meanwhile, the genera Brachycladium and 
Ulocladium had been forgotten (Lawrence et al., 
2016, 2013).
The second stage was between 1850 and 1930. 
This period was marked by the discovery of new 
species. About 400 species had been classified, 
most of them were placed in Macrosporium genus 
(Singh et al., 2016; Lawrence et al., 2016). After this 
period, the first taxonomic hierarchy was known 
by the name of Alternaria and Macrosporium. 
Most species were distributed according to the 
morphological characteristics of the conidia like: 
shape, form, size, colour etc. (Nabahat et al., 2020) 
and six main groups were formed (Lawrence et al., 
2016).
The third stage was between 1930 and 1960. 
During this period, an attempt was made to separate 
the two genera to determine the classification 
of the genus Stemphylium. The year 1933 was a 
decisive one, because the researchers came to the 
conclusion that the genus Macrosporium should 
be called “nomen ambiguum” (Singh et al., 2016; 
Lawrence et al., 2016, 2013). This decision was 
based on the fact that problems occurred because 
of the numerous taxons that were superficially 
investigated, and more than 400 fake species were 
described (Nishikawa and Nakishima, 2020). This 
conclusion was not immediately accepted. Thus, 
in 1945, Neergaard (Singh et al., 2016; Lawrence 
et al., 2016) tried to redistribute them, based on 
the morphological characteristics of the conidia 
formation. This classification does not follow the 
rules of nomenclature and it is not used (Lawrence 
et al., 2016; 2013).
The fourth stage was between 1960-2000. 
This stage was dedicated to the researcher Enoy 
Guy Simmons, who put together all the known 
information about the Alternaria genus (Lawrence 
et al., 2016; Pryor B.M. and L. Gilbertson, 2000). 
During this period, the genus Alternaria and other 
similar species were called “phaeodictyosporic 
hypfomycetes”, trying to name species with berry 
shape conidia appearance and dark brown spores 
imperfect fungi. This category includes the genera 
Alternaria, Macrosporium and Stemphylium until 
1970. Meanwhile, the genus Ulocladium was 
forgotten and the differentiation between the 
other three genera was confusing (Lawrence et 
al., 2016; Pryor and Gilbertson, 2000). The genus 
Macrosporium was forgotten mainly through the 
declaration of the species Macrosporium cheiranthi 
belonging to the Alternaria genus. Later, other 
genera emerged from the Alternaria genus, such as 
Alternariaster, Chalastospora, Embellisia, Nimbya 
and Teretispora (Singh et al., 2016; Lawrence et 
al., 2016; 2013).
The fifth stage was between 2003-2015, when 
the reclassification of the genus Alternaria and 
other related species, through DNA analysis was 
elaborated. The first approach of this was performed 
on the genus Stemphylium and Ulocladium. Studies 
have revealed a very close relationship between 
these genera and the Alternaria genus. Due to 
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the multitude of morphological characters, DNA 
sequencing was a good approach to solve some 
phylogenetic problems by reducing the number of 
allied genera under Alternaria name (Gannibal and 
Lawrence, 2018; Lawrence et al., 2016, Nishikawa 
and Nakishima, 2020). Even though these methods 
have advanced a lot in the research of this genus, 
the discrepancy, the relationship between species 
and the relationship between taxonomy and plant 
parasitism has not been sufficient to help the 
practical recognition of species (Nishikawa and 
Nakishima, 2020). Currently, 28 sections have been 
formed within the genus based on phylogenetic 
relationships (Gannibal, 2018; Gannibal and 
Lawrence, 2018; 2016; Lawrence et al., 2016; 
Tralamazza et al., 2018; Singh et al., 2016). 
Causes of Alternaria ambiguities: morpho-
logy of the genus Alternaria, biological 
cycle and the lack of sexual reproduction
One of the main reasons for Alternaria 
genus ambiguities is the similarity between the 
morphological characteristics of the species. The 
mycelium of the Alternaria genus is composed 
of conidiophores and conidia (Singh et al., 2016; 
Lawrence et al., 2016). The conidiophores can be 
simple or branched, pale brown, grey, dark brown 
or olive and can be either solitary or grouped in 
bundles. The surface of the conidia can be smooth 
or rough, with or without septa. The mycelium is 
found on the plant on the necrotic lesion (Singh 
et al., 2016; Stuart et al., 2009, Hu et al., 2015; 
Lawrence et al., 2016; Melo et al., 2009; Pinto and 
Patriarca, 2017; Tralamazza et al., 2018). 
Another reason behind these ambiguities is 
the biological cycle and sexual reproduction. The 
species of the genus can be parasitic, saprophytic 
and endophytic. The main categories that cause 
significant damage are parasites and saprophytes 
(Lawrence et al., 2016). In order for pathogens to 
produce infections, the climate must be alternately 
humid and dry. The optimum temperature of 
development is between 25-31°C and the relative 
humidity between 70-80%. In case of favourable 
climatic conditions, the infection occurs within 
5-18 hours while the first symptoms appear in 
4-6 days (Mamgain et al., 2013; Singh et al., 2016). 
The penetration occurs through the stomata or 
healthy tissue and it is favoured by the presence of 
existing lesions. Once the infection is present, the 
pathogen releases in plant toxins that can sensitize 
healthy tissues. The pathogenic mycelium is found 
mainly on the surface of the affected tissue, along 
with the conidia. Conidia are usually transported 
by wind, water, animals, machinery, insects, etc. 
Spores, which reach other plants or other organs, 
cause secondary infections. Asexual reproduction 
is predominant, but there are species that also 
have a sexual form. Sexual reproduction occurs 
after 1-2 cycles of asexual reproduction. However, 
the sexual form was performed only in laboratory 
conditions because it is hard to reproduce the 
weather conditions for a long period of time (Meng 
et al., 2015). The main causes for the lack of sexual 
multiplication are the changes of the heterothallic 
system in the homothallic system or the beginning 
or non-completion of the sexual multiplication 
cycle (Lawrence et al., 2016; Meng et al., 2015). 
Current branching of the Alternaria genus 
The Alternaria genus is divided into 28 
sections. Each section includes the species based 
on morphological and DNA analysis (Table 1).
The main diseases caused by Alternaria 
spp. to agricultural and horticultural crops
Early blight of potato caused by Alternaria 
solani, Alternaria protenta, Alternaria linariae, 
Alternaria grandis
Main symptoms appear on the main organs 
of the plant: leaves, stem and tuber. The attack on 
the foliar system is highlighted by the appearance 
of brown-blackish, circular spots, small at the 
beginning of the infection but which can increase 
over time (Fig. 1). 
Figure 1. Early blight of potato (http://omafra.gov.
on.ca/IPM/english/potatoes/diseases-and-disorders/
alternaria.html)
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Table 1. The sections and species of Alternaria genus based on pylogenetic and morphological analysis.
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Pseudoalternaria Alternaria arrhenatheriAlternaria rose
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Concentric circles can be seen on the surface 
of the strains (Waals et al., 2001; Bobes, 1983). 
On the upper part of the spots appears a black 
brown down composed of the conidiophores and 
conidia of the pathogen. As the pathogen develops, 
the spots on the leaf surface increase and unite 
leading to the necrosis of the tissue (Bobes, 1983). 
The attack on the potato tubers can be observed 
by the presence of dark-brown circular spots, hard 
in texture and slightly deep into tissue. On their 
surface there is a black rot formed by the conidia 
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Sonchi Alternaria sonchiAlternaria cinerariae Woudenberg et al., 2013
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attack can be seen on the lower floor of the plant 
then it gradually develops and takes over the plant 
(Waals et al., 2001; Popescu, 1993). 
Alternaria black spot of canola caused 
Alternaria brassicae Saccardo
The pathogen prefers high temperatures, high 
humidity, but also the presence of precipitation 
that favours their development. Main symptoms 
appear on all green organs. Circular or ellipsoidal 
spots with a diameter between 2-10 mm appear 
first on the leaves. The spots are yellowish-black, 
and concentric formations appear inside them 
(Singh et al., 2016; Kumar et al., 2014; Bobeş, 
1983). On the stem, lesions appear from the top 
to the base, the spots are elongated in the form of 
stripes, in the direction of the axis. On the silique, 
there are a multitude of small spots in size that 
have the shape of black dots or stripes slightly 
immersed in the tissue (Singh et al., 2016; Bobes, 
1983). As the pathogen develops, the spots join 
together and form irregular spots. The pathogen 
grows on the surface of the spots, forming a 
blackish-brown down composed of the conidia 
and conidiophores of the fungus (Singh et al., 
2016; Bobeş, 1983; Kumar et al. 2015).
Figure 2. Alternariosis in cucurbits (https://pestre.
ro/blog/bolile-castravetilor/)
Alternaria leaf spot of cucurbits caused by 
Alternaria cucumerina Ellis & Everhart
The pathogen attacks all the green organs 
of the plant: leaves, stem and fruits. The spots 
that appeared at the beginning of the infection 
are at that moment small in size but with their 
development can reach up to a diameter of 10 mm 
(Yacoub, 2003). The shape of the spots is elliptical, 
they have a yellow-brown colour, and the spots on 
the fruit have an aqueous appearance (Fig. 2). As 
the spots grow, they come together and can cover 
the entire leaves, causing burns on the stems. On 
stems and shoots, the affected plants show deep 
spots and the browning of the tissue (Yacoub, 
2003; Bobes, 1983).
Black carrot rot caused by Alternaria radicina 
Meier, Drechsler & E.D. Eddy
The disease can occur in all stages of plant 
development. At the base of leaves, there can be 
seen an atrophy of the corner that darkens, and the 
plants wither and fall. The leaves begin to yellow 
and ultimately suffer drying processes (Scott and 
Wenham, 1972). In the roots section appear black 
spots that are deep in the tissue. The edges of 
the spots can be angular or smooth and are well 
defined. On the surface of the spots appears the 
mycelium of the pathogen formed by the conidia 
and conidiophores of the fungus, with a velvety 
appearance. It often affects the inside of the root, 
rarely the top of the root (Farrar et al., 2004; Scott 
and Wenham, 1972).
Alternariosis of carrot leaves caused by 
Alternaria dauci Groves & Skolko
The symptoms of this pathogen can be easily 
confused with the attack of Cercospora carotae. 
The leaves that are in a very advanced stage of 
the attack have spots with necrotic appearance of 
black-brown colour, surrounded by a chlorothic 
halo (Scott and Wenham, 1972; Boedo et al., 2010).
Brown spot leaves, stems and calatidium 
on sunflower caused by A. helianthi Tsubaki 
and Nisihara, Alternaria zinnia Ellis, A. alternata 
Keissler
Favourable climatic factors for the develop-
ment and spread of the pathogen are high tempe-
ratures above 24°C and high humidity. The optimal 
humidity conditions where the pathogen causes the 
infection are created after long-term precipitation 
in the interval of 12-24 hours. The days before the 
precipitations, in which the temperatures are high 
and the humidity is low for long periods, stop the 
development of the disease (Van der Westhuizeni 
et al., 1980; Baicu et al., 1996). The symptoms are 
manifested on all the green organs of the plant. 
Circular or angular brown-grey spots appear on 
the foliar apparatus, the edge of the spots being 
FLOREA & PUIA
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delimited by a yellow halo. The stains can reach a 
diameter of 50mm. On the calatidium and bracts, 
the spots have a circular appearance. The formed 
achenes are small in size and dry (Udayashankar 
et al., 2012; Baicu et al., 1996). 
Leaf blight on wheat caused by Alternaria 
triticina Prasada & Prabhu
The disease was reported in tropical and 
subtropical countries, especially in the countries 
of South and Southeast Asia, by Prasada and 
Prabhua in 1962 (Vergnes et al., 2006). It prefers 
areas with warm climates and high temperatures. 
The first symptoms appear in wheat after 7-8 
weeks, evolving with the growth of the plant. The 
attack can be manifested on all the above-ground 
organs: leaves, stems, ear, jokes, pale and seed. On 
the leaf surface, ovoid spots appear, irregular at 
the beginning, of small dimensions, scattered on 
the entire leaf surface. As the disease progresses 
the spots increase in diameter and intertwine 
(Siddiqui, 2007; Vergnes et al., 2006).
Black spot on carnations caused by Alter-
naria dianthi Stevens & Hall and Alternaria 
dianthicola Neergard
The organs attacked by the pathogen are: 
leaves, stems and shoots, but attacks on flowers 
are rare. On the leaves and nodes brown-grey 
spots appear, well delimited by a portion of 
healthy tissue, forming a yellow-green halo. When 
the humidity is high, the spots are covered by the 
mycelium of the black fungus (Mehta et al., 2007; 
Popescu, 1993). The attacked leaves fall from the 
stems and on the shoots the mycelium appears in 
the form of a ring surrounding the stem. The stems 
break very easily above the affected area. On the 
flowers, brown areas are observed on the white 
petals and discoloration spots on the carnations 
with red flowers, this symptom being characteristic 
of the A. dianthicola (Popescu, 1993).
Saffron alternariosis caused by Alternaria 
carthami S. Chowdhury
The attack of the pathogen is observed on 
the foliar apparatus of the plant by the presence 
of small spots, circular or with irregular edge, 
brown colour, and on their edges, light green 
halos are present. As the attack progresses, the 
spots intertwine and enlarge. On the surface of the 
spots appears a blackish mycelium consisting of 
conidiophores and conidia of the pathogen (Ivaşcu 
et al., 2009).
CONCLUSION
Currently, the last attempt to taxonomically 
reclassify the genus Alternaria was made between 
2003 and 2015, where due to modern technologies; 
the species was identified by molecular analysis. 
However, the differences between the species of 
the different sections are still unknown. On the 
territory of Russia, interactions of species from 
different sections of the genus Alternaria have 
been found on plants from the Solanacae family 
(Kokaeva et al., 2017; Lawrence et al., 2016).
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